(19) 



J 



02) 



curopaisches Patentamt 
European Patent Office 
0,(100 europeen dee brevets 




(45) Date of publication and mention 
of the grant of the patent: 
27.05.1998 Bulletin 1998/22 

(21) Application number: 93300S64.7 

(22) Date of filing- 27.OI.1993 



EP 0 554 05R ri 

EUROPEAN PATENT SPECIFICATION 



(S')i™a«:H04L&06,H04L5<24 



(«) Frequency divfcfon multiplexed lmn.„- • 



(84) Designated Contracting States' 
DEFRGB 

(30) Priority: 27.01.1992 JP i 20 08/92 
(43) 

04.08.1993 Bulletin 1993/31 

(73) Proprietor FUJITSU LIMITED 
Kawaeakl-shl, Kanagawa211 (J P) 



(74) Representative. Godslll 

Haseltlne Lake 4 £ ' JOh " Kenneth * «" 
Imperial House, 
15-19 Klngsway 
London WC2B 6UD(GB) 

(56) References cited: 

FR-A-2S20S83 lla . , 

US-A-4 335464 

' NEC RESEARCH AND DEVELOPMENT 
January 1989 TOKYO id vfeLOPMENT no. 92 , 

K. DOI ETAL Sr^ 33 - 37 ^ 92 
Modem Apptattonl? S ' gna ' PrOCeS80r *» 



ffl 
(O 

o 

U> 
IO 

o 

a. 

LU 



— ■ — 

a written -soned^C^ 

SIl^^^ to hava been ,i,ed ^^E? ta K ,,,llt ' 1Wh 

■ !_ wwiron ree has been paid (Art. 



Printed by Jouve, 75001 PARIS 



(Ffl) 



BEST AVAILABLE COPY 



1 



EP0 554 056 B1 



2 



Description 

(1) Field of the Invention 

The present invention relates to a modulator, a de- 
modulator, and a modem containing the modulator and 
the demodulator. The present invention is applicable, in 
particular, to a modem having provision for modulating 
and demodulating signals carrying information on con- 
ditions of the modem and another modem connected 
with the modem through an analog transmission line, 
through a secondary channel which is provided in addi- 
tion to a main channel. The main channel and the sec- 
ondary channel are frequency division multiplexed with- 
in a frequency band of the analog transmission line. 

Figure 1 is a diagram illustrating an on-line informa- 
tion processing system wherein a plurality of pieces of 
data terminal equipment are connected through analog 
transmission lines to a host computer. In Fig. 1 , refer- 
ence numeral 900 denotes a host computer, 901 de- 
notes a communication control processor, 903 denotes 
a network monitoring apparatus, 91^ to 911 n each de- 
note a modem on the host computer side, 91 2 1 to 91 2 n 
each denote a modem on the terminal side, 91 3j to 91 3 n 
each denote a piece of data terminal equipment, and 
91^ to 914 n each denote an analog transmission line. 
For example, the host computer 900 and the communi- 
cation control processor 901 are provided in a main of- 
fice of a company, and the plurality of pieces of data ter- 
minal equipment are respectively positioned in a plural- 
ity of branch offices. Digital signals are transmitted be- 
tween the host computer 900 and the plurality of pieces 
of data terminal equipment 91 3, to 91 3 n through the an- 
alog transmission lines 91 4, to 91 4 n . When transmitting 
the digital signals through the analog transmission lines 
91 ^ to 91 4 n , the digital signals are modulated to analog 
signals by the modulators on transmitter sides, transmit- 
ted through the analog transmission lines, and demod- 
ulated to digital signals by the demodulators on receiver 
sides. Each modem 911., to 911 n and 91 4^ to 91 4 n has 
provision for monitoring various conditions thereof, and 
a secondary channel is provided in addition to a main 
channel for transmitting the above digital signals. 

As mentioned above, the main channel and the sec- 
ondary channel are frequency division multiplexed with- 
in a frequency band of the analog transmission line. Fig- 
ure 2 is a diagram illustrating frequency bands allocated 
for the main channel and the secondary channel within 
the frequency band of the analog transmission line (0.3 
to 3.4 kHz). As indicated in Fig. 2, the frequency band 
for the secondary channel is allocated on the lower fre- 
quency side of the frequency band of the main channel, 
separated from the frequency band of the main channel. 
In the example of Fig. 2, the frequency band of the main 
channel ranges from 600 to 3,000 Hz, and the frequency 
band of the secondary channel ranges from 311 to 359 
Hz. The center frequencies of the frequency bands of 
the main channel and the secondary channel are 1 ,800 



and 335 Hz, respectively. 

The network monitoring apparatus 903 collects in- 
formation on the conditions monitored by the respective 
modems 91 1 t to 911 n and 914! to 91 4 n through the 
s above secondary channels and the signal lines 91 5j to 
91 5 n . Figure 3 is a diagram illustrating a connection be- 
tween the network monitoring apparatus 903 and the 
plurality of modems 911 to 91 1 n on the side of the host 
computer 900. As indicated in Fig. 3, the plurality of mo- 

10 dems 9 1 1 , to 91 1 n are connected with the network mon- 
itoring apparatus 903 in the form of a bus connection. 
The signal lines 91 5, to 91 5 n connecting the network 
monitoring apparatus 903 with the plurality of modems 
911-j to 911a are balanced signal lines in accordance 

is with RS485, and the network monitoring apparatus 903 
collects the above information by polling the respective 
modems 915! to 91 5 n . In the communication between 
the network monitoring apparatus 903 and the plurality 
of modems 911, to 911 n , a start-stop system is used, i. 

20 e., a start bit and a stop bit are affixed to each character 
(comprised of eight bits) in the information transmitted 
between the network monitoring apparatus 903 and the 
plurality of modems 911 , to 911a. 

Figure 4 is a diagram illustrating a construction of a 

25 conventional modem which can be used in the system 
as indicated in Fig. 1. In Fig. 4, reference numeral 800 
denotes a piece of data terminal equipment, 1 1 0a to 1 1 0i 
each denote a driver circuit, 40* denotes a main signal 
modulation unit, 50' denotes a main signal demodulation 

30 unit, 60a denotes a secondary signal modulation unit, 
60b denotes a secondary signal demodulation unit, 70' 
denotes a microprocessor unit (MPU) as a command 
control unit, 41' and 51' each denote a microprocessor 
unit, 42' and 52' each denote a digital signal processor 

35 (DSP), 43' and 53' each denote a digital to analog con- 
verter, 11 denotes a signal adder, 90a and 90b each de- 
note a low-pass filter, 90c and 90d each denote a high- 
pass filter, and 903 denotes the network monitoring ap- 
paratus of Fig. 1 . 

40 in the construction of Fig. 4, digital signals supplied 
from the data terminal equipment 800 are modulated to 
analog passband signals within the frequency band of 
the main channel in the main signal modulation unit 40' 
to be supplied to the signal adder 11. A command or 

45 data to be transmitted through the analog transmission 
line is generated by the microprocessor unit 70\ modu- 
lated to an analog passband signal in the secondary sig- 
nal modulation unit 60a, and filtered through the low- 
pass filter 90a to be supplied to the signal adder 11 . An- 

50 alog signals transmitted from the analog transmission 
line are supplied to the main signal demodulation unit 
50' and the low-pass filter 90b. Frequency components 
corresponding to the main channel in the analog signals 
pass through the high-pass filter 90d, are converted to 

55 digital signals, and demodulated through the digital sig- 
nal processor 52' and the microprocessor unit 51'. Fre- 
quency components corresponding to the secondary 
channel in the analog signals pass through the low-pass 
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filter 90b, are converted to digital signals, and demodu- 
lated through the secondary signal demodulation unit 
60b. The demodulated secondary signals are supplied 
to the microprocessor unit 70'. 

Conventionally, the modulation and demodulation s 
of the main signals are performed in accordance with 
phase shift keying (PSK) or quadrature amplitude mod- 
ulation (QAM), and the modulation and demodulation of 
the secondary signals are performed in accordance with 
frequency shift keying (FSK). The demodulation in ac- 10 
cordance with the frequency shift keying (FSK) can be 
performed without synchronization with a receiving 
clock signal regenerated from the received signal, while 
the demodulation in accordance with the phase shift 
keying (PSK) or the quadrature amplitude modulation is 
(QAM) must be performed in synchronization with the 
receiving clock. Therefore, the modulation and demod- 
ulation of the main signals are performed by using the 
digital signal processor and the microprocessor unit, 
and the modulation and demodulation of the secondary 20 
signals are performed by using a one chip modem, 
which is commercially available and realizes the sec- 
ondary signal modulation unit 60a and the secondary 
signal demodulation unit 60b. 

Since the modulation and demodulation of the main 25 
signals and the secondary signals are carried out in sep- 
arate hardware, the amount of the hardware is in- 
creased, and therefore, the size of and the cost of the 
modem are increased. 

An arrangement of a generally similar type to that 30 
explained above is disclosed in FR-A-2 620 583, which 
also discloses the features of the preamble of each in- 
dependent claim. 

According to the first aspect of the present inven- 
tion, there is provided a modulator comprising: a first 35 
modulating means for receiving a first digital signal, and 
modulating the first digital signal to generate a first mod- 
ulated signal, where frequency components contained 
in the first modulated signal are within a first frequency 
band; a second modulating means for receiving another *o 
digital signal, and modulating it to generate a second 
modulated signal, where frequency components con- 
tained in the second modulated signal are within a sec- 
ond frequency band which is separated from the first fre- 
quency band; and a signal adding means for receiving 45 
the first and second modulated signals, and adding the 
first and second modulated signals to generate a fre- 
quency division multiplexed signal; characterised by a 
transforming means for receiving a second digital signal 
containing at least one set of a predetermined number 50 
of successive bits corresponding to a character data, a 
start bit preceding each set of the predetermined 
number of successive bits, and a stop bit following each 
set of the predetermined number of successive bits, and 
removing the start bit and the stop bit from the second ss 
digital signal to generate a third digital signal containing 
the character data as said another digital signal received 
by said second modulating means. 



According to the second aspect of the present in- 
vention, there is provided a demodulator comprising: a 
first demodulating means for receiving a frequency di- 
vision multiplexed signal and for regenerating a first dig- 
ital signal, wherein first and second modulated signals 
are frequency division multiplexed in the frequency di- 
vision multiplexed signal and wherein frequency com- 
ponents contained in the first modulated signal are with- 
in a first frequency band and frequency components 
contained in the second modulated signal are within a 
second frequency band which is separated from the first 
frequency band, the first modulated signal being equiv- 
alent to a signal generated by modulating the first digital 
signal, and the second modulated signal being equiva- 
lent to a signal generated by modulating a second digital 
signal; and a second demodulating means for receiving 
the frequency division multiplexed signal and regener- 
ating the second digital signal containing at least one 
set of a predetermined number of successive bits cor- 
responding to a character data; characterised by a 
transforming means for receiving the second digital sig- 
nal and inserting a start bit before each set of the pre- 
determined number of successive bits and a stop bit af- 
ter each set of the predetermined number of successive 
bits to generate a third digital signal in a start-stop sys- 
tem. 

Embodiments of the present invention may provide 
a modulator, a demodulator, or a modem containing pro- 
vision for modulating and demodulating a secondary 
signal which is frequency division multiplexed with a 
main signal, where the size thereof and the cost for man- 
ufacturing the modulator, the demodulator, or the mo- 
dem is reduced. 

Embodiments of the present invention may also 
provide a modulator, a demodulator, or a modem con- 
taining provision for modulating and demodulating a 
secondary signal which is frequency division multi- 
plexed with a main signal, where efficiency in transmis- 
sion of the secondary signal is increased. 

For a better understanding of the invention and to 
show how the same may be carried into effect, reference 
will now be made, by way of example, to the accompa- 
nying drawings, wherein: 

Figure 1 is a diagram illustrating an on-line informa- 
tion processing system wherein a plurality of pieces 
of data terminal equipment are connected through 
analog transmission lines to a host computer; 
Figure 2 is a diagram illustrating frequency bands 
allocated for the main channel and the secondary 
channel within the frequency band of the analog 
transmission line (0.3 to 3.4 kHz); 
Figure 3 is a diagram illustrating a connection be- 
tween the network monitoring apparatus 903 and 
the plurality of modems 911 n to 91 1 n ; 
Figure 4 is a diagram illustrating a construction of a 
conventional modem which can be used in the sys- 
tem as indicated in Fig. 1; 
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Figure 5 is a diagram illustrating a basic construc- 
tion of the modem according to an embodiment of 
the invention; 

Figure 6 is a diagram illustrating the hardware con- 
struction of the modem as an embodiment of the 
present invention; 

Figures 7, 8 and 9 are a block diagram illustrating 
the construction of the modem as an embodiment 
of the present invention; 

Figure 10 is a diagram illustrating a bit series and 
each predetermined number of successive bits cor- 
responding to each symbol; 
Figure 1 1 is a diagram illustrating a bit series con- 
taining a character data accompanied with a start 
bit and a stop bit; and 

Figure 12 is a diagram illustrating character data 
stored in the data storage unit. 

Figure 5 is a diagram illustrating a basic construc- 
tion of the modem according to an embodiment of the 
present invention. In Fig. 5, reference numeral 1 de- 
notes a main signal modem unit, 3 denotes a signal 
transformation unit, 4 denotes a signal adder, 5 denotes 
a signal processing portion, 6 denotes a secondary sig- 
nal modem unit, and 7 denotes a command control unit. 
The main signal modem unit 1 and the secondary signal 
modem unit 6 each contain a modulator and a demod- 
ulator. Preferably, the main signal modem unit 1 , the sig- 
nal transformation unit 3, the signal adder 4, and the 
secondary signal modem unit 6 are realized by at least 
one digital signal processor. Namely, the main signal 
modem unit 1 , the data transformation unit 3, the signal 
adder 4, and the secondary signal modem unit 6 are re- 
alized by software. 

First, the modulating operations carried out in the 
construction of Fig. 5 are explained below. In the con- 
struction of Fig. 5, a first digital signal (main signal) is 
supplied to the main signal modem unit 1 , and the main 
signal modem unit 1 modulates the first digital signal to 
generate and supply to the signal adder 4 a first modu- 
lated signal (corresponding to a first analog signal). Fre- 
quency components contained in the first modulated 
signal are within a first frequency band. The first digital 
signal may be a digital signal synchronized with a clock 
(timing) signal, and the modulation in the main signal 
modem unit 1 is carried out synchronized with a clock 
signal. The clock signal used in the modulation may be 
one of the following clock signals: 

(1) a clock signal generated within the modulator 
(the clock signal generated within a modem is 
known as the ST2 signal, which is supplied to a 
piece of data terminal equipment supplying the 
main signal to the modem synchronized with the 
ST2 signal); 

(2) a clock signal supplied from outside (typically 
from a piece of data terminal equipment supplying 
the main signal to the modem) of the modulator (the 



clock signal supplied from a piece of data terminal 
equipment together with the main signal is known 
as the ST1 signal, the data terminal equipment sup- 
plies the main signal synchronized with the ST1 sig- 
5 nal); 

(3) a clock signal regenerated from the received dig- 
ital signal (main signal), which is known in the con- 
ventional modem as the RT signal; 

(4) a clock signal regenerated from an analog signal 
in the main channel received in a demodulator ac- 
companied by the modulator; and 

(5) a clock signal regenerated from an analog signal 
in the secondary channel received in the demodu- 
lator, the demodulator being accompanied by the 
modulator. 

Parallel to the above operation, a second digital sig- 
nal is supplied to the signal transformation unit 3. The 
second digital signal contains at least one set of a pre- 
determined number of successive bits corresponding to 
a character, a start bit preceding each set of the prede- 
termined number of successive bits, and a stop bit fol- 
lowing each set of the predetermined number of succes- 
sive bits. The second digital signal may be generated 
by the command control unit 7. The signal transforma- 
tion unit 3 receives the second digital signal, and re- 
moves the start bit and the stop bit from the second dig- 
ital signal to generate and supply to the secondary sig- 
nal modem unit 6 a third digital signal. Frequency com- 
ponents contained in the second modulated signal are 
within a second frequency band which is separated from 
the first frequency band. The secondary signal modem 
unit 6 receives the third digital signal, and modulates the 
third digital signal to generate and supply to the signal 
adder 4 a second modulated signal (corresponding to a 
second analog signal). The third digital signal may be a 
digital signal synchronized with a clock signal, and the 
modulation in the secondary signal modem unit 6 may 
be carried out synchronized with a clock signal. The 
clock signal used in the modulation may be the same 
(common) clock signal as used in the main signal mo- 
dem unit 1 . The signal adder 4 adds the above first and 
second modulated signals (first and second analog sig- 
nals) to generate a frequency division multiplexed sig- 
nal. 

Preferably, the main signal modem unit 1 and the 
secondary signal modem unit 6 may perform the same 
type of modulation. Thereby, portions of hardware and 
software can be made common to the modulating oper- 
ations in both the main signal modem unit 1 and the sec- 
ondary signal modem unit 6. Namely, the size of the 
hardware and software and cost for realizing the main 
signal modem unit 1 and the secondary signal modem 
unit 6 can be made small. Since, conventionally the 
main signal is modulated by the phase shift keying 
(PSK) or the quadrature amplitude modulation (QAM), 
and the modulating operation for the phase shift keying 
(PSK) or the quadrature amplitude modulation (QAM) is 
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performed in synchronization with a clock signal. There- 
fore, the modulating operation in the secondary signal 
modem unit 6 must be performed in synchronization 
with a clock signal when the phase shift keying (PSK) 
or the quadrature amplitude modulation (QAM) is used. 
In this case, the third digital signal supplied from the sig- 
nal transformation unit 3 to the secondary signal modem 
unit 6 must be synchronized with a clock signal. Namely, 
in this case, the signal transformation unit 3 transforms 
the second digital signal in the start-stop system to the 
third digital signal in the clock-synchronization system. 

Alternatively, considering the high transmission rate 
in the main channel and the low transmission rate in the 
secondary channel, the quadrature amplitude modula- 
tion (QAM) may be used for the modulation in the main 
channel, and the phase shift keying (PSK) may be used 
for the modulation in the secondary channel. In this 
case, portions of hardware and software can also be 
made common to the modulating operations in both the 
main signal modem unit 1 (by the quadrature amplitude 
modulation (QAM)) and the secondary signal modem 
unit 6 (by the phase shift keying (PSK)). Namely, the 
size of the hardware and software and cost for realizing 
the constructions for the modulation in the main signal 
modem unit 1 and the secondary signal modem unit 6 
can be made small. The reason for the above is that the 
quadrature amplitude modulation (QAM) contains com- 
mon or similar operations to the operations in the phase 
shift keying (PSK). 

Secondly, the demodulating operations carried out 
in the construction of Fig. 5 are explained below. In the 
construction of Fig. 5, a frequency division multiplexed 
modulated signal is supplied to the main signal modem 
unit 1 and the secondary signal modem unit 6. The fre- 
quency division multiplexed modulated signal is a signal 
wherein first and second modulated signals are frequen- 
cy division multiplexed, frequency components con- 
tained in the first modulated signal are within the above 
first frequency band, and frequency components con- 
tained in the second modulated signal are within the 
above second frequency band which is separated from 
the first frequency band. In the main signal modem unit 
1 , a first base band signal which is equivalent to a signal 
generated by demodulating the first modulated signal, 
is obtained. The first base band signal is a digital signal 
synchronized with a clock signal regenerated from the 
first base band signal. Parallel to the above demodulat- 
ing operation in the main signal modem unit 1 , in the 
secondary signal modem unit 6, a second base band 
signal which is equivalent to a signal generated by de- 
modulating the second modulated signal, is obtained. 
The second base band signal is a digital signal synchro- 
nized with a clock signal regenerated from the second 
base band signal, and contains at least one set of a pre- 
determined number of successive bits corresponding to 
a character. The second base band signal is supplied to 
the signal transformation unit 3. In the signal transfor- 
mation unit 3, a start bit is inserted before each set of 



the predetermined number of successive bits, and a 
stop bit is inserted after each set of the predetermined 
number of successive bits to generate a secondary sig- 
nal in a start-stop system. 
s Similar to the modulation explained above, the first 
and second modulated signals are preferably modulat- 
ed by the same type of modulation, and thus the main 
signal modem unit 1 and the secondary signal modem 
unit 6 perform the same type of demodulation. Thereby, 
portions of hardware and software can be made com- 
mon to the demodulating operations in both the main 
signal modem unit 1 and the secondary signal modem 
unit 6. Namely, the size of the hardware and software 
and cost for realizing the main signal modem unit 1 and 
the secondary signal modem unit 6 can be made small. 
Since, conventionally the main signal is modulated by 
the phase shift keying (PSK) or the quadrature ampli- 
tude modulation (QAM), and the demodulating opera- 
tion for the phase shift keying (PSK) or the quadrature 
amplitude modulation (QAM) is performed in synchroni- 
zation with a clock signal regenerated from the first base 
band signal. Therefore, the demodulating operation in 
the secondary signal modem unit 6 must be performed 
in synchronization with a clock signal when the phase 
shift keying (PSK) or the quadrature amplitude modula- 
tion (QAM) is used. In this case, the second base band 
signal supplied from the secondary signal modem unit 
6 to the signal transformation unit 3 must a synchronized 
with the clock signal. Namely, in this case, the signal 
transformation unit 3 transforms the second digital sig- 
nal in the start-stop system to the second base band 
signal (secondary signal) in the clock-synchronization 
system. 

Similar to the modulation explained above, alterna- 
tively, considering the high transmission rate in the main 
channel and the low transmission rate in the secondary 
channel, the quadrature amplitude modulation (QAM) 
may be used in the main channel, and the phase shift 
keying (PSK) may be used in the secondary channel. In 
this case, portions of hardware and software can also 
be made common to the demodulating operations in 
both the main signal modem unit 1 (by the quadrature 
amplitude modulation (QAM)) and the secondary signal 
modem unit 6 (by the phase shift keying (PSK)). Namely, 
the size of the hardware and software and cost for real- 
izing the constructions for the demodulation in the main 
signal modem unit 1 and the secondary signal modem 
unit 6 can be made small. 

Figure 6 is a diagram illustrating the hardware con- 
struction of the modem as an embodiment of the present 
invention. In Fig. 6, reference numeral 40 denotes a 
modulation unit, 50 denotes a demodulation unit, 41 and 
51 each denote a microprocessor unit, 42 and 52 each 
denote a digital signal processor (DSP), 43 and 53 each 
denote a digital to analog converter, 70 denotes a mi- 
croprocessor unit (MPU) as a command control unit, 80 
denotes a DTE interface circuit, 81 denotes a MDMS 
(modem monitoring system) interface circuit, 91 and 98 
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each denote a low-pass filter, 92 and 95 each denote 
an amplifier, and 93 and 94 each denote a transformer. 
The DTE interface circuit 80 is provided for shifting lev- 
els of the signals between the modem and the data ter- 
minal equipment. In the DTE interface circuit 80, RS de- 
notes a terminal for a signal of "Request to Send", CS 
denotes a terminal for a signal of "Clear to Send', SD 
denotes a terminal for a signal of "Transmitted Data", 
CD denotes a terminal for a signal of "Clear Detector", 
RD denotes a terminal for a signal of "Received Data", 
ST2 denotes a terminal for a timing signal of "Send Tim- 
ing", and RT denotes a terminal for a timing signal of 
"Receive Timing". Namely, timing signals ST2 and RT 
are transmitted between the modem and the data ter- 
minal equipment 800 in synchronization with the data 
signals SD and RD, respectively. 

In the construction of Fig. 6, a main digital signal 
supplied from the data terminal equipment is supplied 
through the DTE interface circuit 80 to the modulation 
unit 40, and modulated to a first passband signal within 
the frequency band of the main channel by the micro- 
processor unit 41 and the digital signal processor 42 in 
the modulation unit 40. A digital signal carrying a com- 
mand or data to be transmitted through the analog trans- 
mission line is generated by the microprocessor unit 70, 
and is also supplied to the modulation unit 40 to be mod- 
ulated to a second passband signal within the frequency 
band of the secondary channel by the microprocessor 
unit 41 and the digital signal processor 42 in the modu- 
lation unit 40. The first and second passband signals 
are summed, and the summed passband signal is con- 
verted to an analog passband signal. The analog pass- 
band signal generated in the modulation unit 40 is fil- 
tered through the low-pass filter to eliminate unneces- 
sary frequency components, amplified in the amplifier 
92, and transmitted through the transformer 93 and the 
terminal S onto the analog transmission line. 

An analog passband signal transmitted through the 
analog transmission line is received at the terminal R t 
and transformed by the transformer 94, amplified in the 
amplifier 93, and filtered through the low-pass filter 98 
to be supplied to the demodulation unit 50. In the de- 
modulation unit 50, the analog passband signal output 
from the low-pass filter 98 is converted to a digital pass- 
band signal by the analog to digital converter 53. The 
digital passband signal is demodulated to generate first 
and second base band signals by the microprocessor 
unit 51 and the digital signal processor 52, where fre- 
quency components of the first base band signal are 
within the frequency band of the main channel, and fre- 
quency components of the second base band signal are 
within the frequency band of the secondary channel. 
The first base band signal is supplied to the DTE inter- 
face circuit 80, and the second base band signal is sup- 
plied to the microprocessor unit 70. 

The network monitoring apparatus 903 (Fig. 1) 
sends a first command to the microprocessor unit 70 in 
each of the modems at the near end (such as the mo- 



dems 911 t to 911 n in Fig. 1) directly connected to the 
network monitoring apparatus 903 through the MDMS 
interface circuit 81 in the modem. The first command 
requests information on the conditions of the modems 

5 at the near end, and the modems at the far end (such 
as the modems 912 t to 91 2 n in Fig. 1 ) connected to the 
modems at the near end through the analog transmis- 
sion lines. When the command requests the information 
on the conditions of the modem at the near end, the mo- 

10 dem at the near end returns the information on the con- 
ditions of the modem to the network monitoring appara- 
tus 903 through the MDMS interface circuit 81. When 
the command requests the information on the conditions 
of the modem at the far end, the modem at the near end 

75 generates a secondary signal carrying a second com- 
mand requesting the information on the conditions of the 
modem at the far end, which is connected to the modem 
at the near end through the analog transmission line, 
and supply the secondary signal to the modulation unit 

20 40 to be modulated and transmitted to the modem at the 
far end through the secondary channel. When the mo- 
dem at the far end receives the modulated secondary 
signal through the secondary channel, the modulated 
secondary signal is demodulated to regenerate a sec- 

25 ondary signal, and the secondary signal is supplied to 
the microprocessor unit 70 in the modem at the far end. 
In response to the second command, the modem at the 
far end generates and returns a first response contain- 
ing the requested information through the secondary 

30 channel to the microprocessor unit 70 in the modem at 
the near end. Receiving the first response, the micro- 
processor unit 70 in the modem at the near end gener- 
ates and returns a second response containing the re- 
quested information through the MDMS interface circuit 

35 81 to the network monitoring apparatus 903. The MDMS 
interface circuit 81 is provided for converting an unbal- 
anced signal carrying the above response and transmit- 
ted from the microprocessor unit 70, to a balanced sig- 
nal, and converting a balanced signal carrying the above 

40 command and transmitted from the network monitoring 
apparatus 903, to an unbalanced signal. 

Figures 7, 8 and 9 are a block diagram illustrating 
the construction of the modem as an embodiment of the 
present invention. Details of the DTE interface circuit 80 

45 and the modulation unit 40 are indicated in Fig. 7, details 
of the analog to digital converter 53 and the demodula- 
tion unit 52 in the demodulation unit 50 are indicated in 
Fig. 8, and details of the microprocessor unit 51 in the 
demodulation unit 50 are indicated in Fig. 9. 

so in Fig. 7, reference numerals 1 1 a and 1 1 b each de- 
note a scrambler unit, 12a and 12b each denote a code 
transformation unit, 13a and 13b each denote a roll-off 
filter, 14a and 14b each denote a modulator unit, 16 de- 
notes an equalizer, 17 denotes an attenuator, 18a and 

ss 18b each denote a pattern generating unit, 31 denotes 
a start & stop bit removing unit, 32 denotes a data stor- 
age unit, 33 denotes a start & stop bit inserting unit, and 
44 denotes a common memory. The operations of the 
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modulation unit 40 are controlled by the microprocessor 
unit 41 , and the digital signal processor 42 operates un- 
der the control ot the microprocessor unit 41 . The ele- 
ments indicated by a block in the microprocessor unit 
41 and the digital signal processor 42 may be respec- 
tively realized by a software unit, and the operations of 
the respective software units are performed by a multi- 
task operation under the control of the microprocessor 
unit 41 , although any unit may be replaced by a hard- 
ware unit performing the same operation. The digital sig- 
nal processor 42 may comprise more than one digital 
signal processor. In this case, a multi-processor system 
is constructed by the more than one digital signal proc- 
essor and the microprocessor unit 41 , and the micro- 
processor unit 41 controls the multi-processor system. 
The common memory 44 is provided for common use 
by the microprocessor unit 41 and the digital signal proc- 
essor 42. The microprocessor unit 41 and the (or each) 
digital signal processor 42 can access the common 
memory 44 in a time sharing manner. A command from 
the microprocessor unit 41 is given to the digital signal 
processor 42 when the command is written in a prede- 
termined address in the common memory 44 by the mi- 
croprocessor unit 41 and read by the digital signal proc- 
essor 42. 

The pattern generating units 1 8a and 18b are pro- 
vided for generating predetermined patterns to be in- 
serted in training signals which are transmitted preced- 
ing the main signal and the secondary signal, respec- 
tively. The patterns generated by the pattern generating 
units 18a and 18b may be supplied to the inputs of the 
scrambler units 11a and 11b, respectively, or to the in- 
puts of the code transformation units 12a and 12b, re- 
spectively. 

The main signal supplied to the modulation unit 40 
from the data terminal equipment through the DTE in- 
terface circuit 80, is scrambled by the scrambler unit 
11a, and each predetermined number of successive bits 
(corresponding to each symbol) in the scrambled main 
signal (as indicated in Fig. 10) is transformed to a data 
signal point in a vector signal space in accordance with 
a predetermined coding method, for example, as stipu- 
lated in the CCITT recommendation V.27 for the phase 
shift keying modulation, or in the CCITT recommenda- 
tion V.29 for the quadrature amplitude modulation. The 
output of the code transformation unit 1 2a is supplied to 
the roll-off filter 13a provided in the digital signal proc- 
essor 42 to eliminate components other than the base 
band components in the output of the code transforma- 
tion unit 12a. The output of the roll-off filter 13a is sup- 
plied to the modulator unit 14a to be modulated to gen- 
erate a first passband signal where frequency compo- 
nents contained in the first passband signal are within 
the first frequency band corresponding to the main 
channel. 

Parallel to the above modulating operation of the 
main signal, the secondary signal supplied from the mi- 
croprocessor unit 70 is supplied to the start & stop bit 



removing unit 31 in the microprocessor unit 41 . The sec- 
ondary signal supplied from the microprocessor unit 70 
to the modulation unit 40 contains at least one set of a 
predetermined number of (for example, eight) succes- 
s sive bits representing to a character data, a start bit pre- 
ceding each set of the predetermined number of suc- 
cessive bits, and a stop bit following each set of the pre- 
determined number of successive bits, as indicated in 
Fig. 11 . The start & stop bit removing unit 31 removes 
the start bit and the stop bit in a bit series carried by the 
secondary signal, and the character data represented 
by the set of the predetermined number of successive 
bits is temporarily stored in the data storage unit 32, as 
indicated in Fig. 12. The data storage unit 32 is neces- 
sary when the transmission rate in the transmission of 
the secondary signal between the microprocessor unit 
70 and the modulation unit 40 is higher compared with 
the transmission rate in the secondary channel through 
the analog transmission line. In this embodiment, the 
transmission rate in the transmission of the secondary 
signal between the microprocessor unit 70 and the mod- 
ulation unit 40 may be 8 kbps, and the transmission rate 
in the secondary channel through the analog transmis- 
sion line may be 75 bps. Thus, the operation of the mi- 
croprocessor unit 70 is not affected by the low transmis- 
sion rate in the secondary channel. 

The microprocessor unit 41 monitors the data stor- 
age unit 32 regarding whether or not any character data 
is stored therein. When the microprocessor unit 41 de- 
termines that any character data is stored in the data 
storage unit 32, the microprocessor unit 41 activates the 
modulator unit 14b in the digital signal processor 42 and 
the pattern generation unit 18b to generate a carrier sig- 
nal for the secondary channel and transmit a training 
signal for the secondary channel . The carrier signal for 
the secondary channel is generated in the modulator 
unit 14b. Then, the microprocessor unit 41 reads out 
each character data stored in the data storage unit 32 
in the order each character data is stored therein to sup- 
ply the character data to the start & stop bit inserting unit 
33. When the microprocessor unit 41 determines that 
no character data is remaining in the data storage unit 
32, the microprocessor unit 41 controls the digital signal 
processor 42 to stop the transmission of the carrier sig- 
nal for the secondary channel. The start & stop bit in- 
serting unit 33 inserts a start bit before each character 
data, and a stop bit after each character data to generate 
a bit series as indicated in Fig. 11. The start bit and the 
stop bit are inserted so that each character data can 
easily be recognized when the bit series is received and 
demodulated in the modem at the other end of the an- 
alog transmission line. The bit series generated by the 
start & stop bit inserting unit 33 is supplied to the scram- 
bler 11b to scramble the bit series, and the scrambled 
bit series is supplied to the code transformation unit 1 2b. 
Each predetermined number of successive bits (corre- 
sponding to each symbol) in the scrambled main signal 
(as indicated in Fig. 10) is transformed to a data signal 
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point in a vector signal space in accordance with a pre- 
determined coding method, for example, as stipulated 
in the CCITT recommendation V.27 for the phase shift 
keying modulation, or in the CCITT recommendation V. 
29 for the quadrature amplitude modulation. As ex- 
plained before, preferably, the same type of modulation 
as in the main channel is used in the secondary channel. 
The output of the code transformation unit 12b is sup- 
plied to the roll-off filter 1 3b provided in the digital signal 
processor 42 to eliminate components other than the 
base band components in the output of the code trans- 
formation unit 12b. The output of the roll-off filter 13b is 
supplied to the modulator unit 14b to be modulated to 
generate a second passband signal where frequency 
components contained in the second passband signal 
are within the second frequency band corresponding to 
the secondary channel. 

The outputs of the modulator units 14a and 1 4b are 
summed by the signal adder 1 5 to generate a frequency 
division multiplexed passband signal. The frequency di- 
vision multiplexed passband signal is then equalized by 
the equalizer unit 16, attenuated by the attenuator 17, 
and converted to an analog form by the digital to analog 
converter 43. 

As explained above, a pair of software units per- 
forming similar operations are provided for the respec- 
tive operations such as the scrambling operation, the 
code transformation, the roll-off filtering, and the modu- 
lation. Therefore, software and hardware in the micro- 
processor unit 41 and the digital signal processor 42 can 
be made common, and thus the total size of and cost 
for the software and hardware can be reduced. 

In Fig. 8. reference numerals 20a and 20b each de- 
note a demodulator unit, 21a and 21b each denote a 
timing regeneration unit, 22a and 22b each denote a 
band separation unit, 23a and 23b each denote an au- 
tomatic gain control unit, 24a and 24b each denote an 
automatic equalizer unit, 25a and 25b each denote a 
carrier detection unit, 28 denotes a condition monitor 
unit, and 54 denotes a common memory. The elements 
indicated by a block in the microprocessor unit 51 and 
the digital signal processor 52 may be respectively re- 
alized by a software unit, and the operations of the re- 
spective software units are performed by a multi-task 
operation under the control of the microprocessor unit 
51 , although any unit may be replaced by a hardware 
unit performing the same operation. The digital signal 
processor 52 may comprise more than one digital signal 
processor. In this case, a multi-processor system is con- 
structed by the more than one digital signal processor 
and the microprocessor unit 51 , and the microprocessor 
unit 51 controls the multi-processor system. 

The analog frequency division multiplexed pass- 
band signal filtered through the low-pass filter 98 in Fig. 
6 is supplied to the analog to digital converter 53 to be 
converted to a digital form. Then, the frequency division 
multiplexed passband signal is supplied to the demod- 
ulator units 20a and 20b. 



The demodulator unit 20a receives the frequency 
division multiplexed passband signal, and shifting fre- 
quencies of the frequency division multiplexed pass- 
band signal by a first predetermined frequency (-1 ,800 

s Hz corresponding to the center frequency of the fre- 
quency band for the main channel as indicated in Fig. 
2) to transform the frequency division multiplexed pass- 
band signal to a first base band signal. Then, the output 
of the demodulator 20a is supplied to the band separa- 
te tion filter 22a to eliminate frequency components other 
than the frequency components within the frequency 
band for the main channel, and thus a first base band 
signal is obtained as an output of the band separation 
filter 22a. The amplitude of the output of the band sep- 

is aration filter 22a is controlled by the automatic gain con- 
trol unit 23a, and the output of the automatic gain control 
unit 23a is equalized by the automatic equalizer unit 
24a. The output of the automatic equalizer unit 24a is 
supplied to the code transformation unit 26a in the mi- 

20 croprocessor unit 51 indicated in Fig. 9. The timing in- 
formation in the received signal in the secondary chan- 
nel is extracted from the output of the demodulator unit 
20a by the timing regeneration unit 21a, and the carrier 
detection is carried out by the carrier detection unit 25a 

25 by monitoring the output of the band separation filter unit 
22a. Further, to obtain the information on the conditions 
of the modem, the condition monitor unit 28 is provided. 
The condition monitor unit 28 monitors the received and 
demodulated signal to examine the signal to noise ratio 

30 (S/N) in the received signal, and an error rate in the de- 
modulated signal, and the condition monitor unit 28 also 
monitors alarm conditions of the modem. The informa- 
tion on the conditions of the modem, obtained by the 
condition monitor unit 28, is written in predetermined ad- 

35 dresses in the common memory 54. 

The common memory 54 is provided for common 
use by the microprocessor unit 51 and the digital signal 
processor 52. The microprocessor unit 51 and the (or 
each) digital signal processor 52 can access the com- 

40 mon memory 54 in a time sharing manner. A command 
from the microprocessor unit 51 is given to the digital 
signal processor 52 when the command is written in a 
predetermined address in the common memory 54 by 
the microprocessor unit 51 and read by the digital signal 

45 processor 52. 

Parallel to the above demodulating operation in the 
main channel, the demodulator unit 20b receives the fre- 
quency division multiplexed passband signal, and shift- 
ing frequencies of the frequency division multiplexed 

50 passband signal by a second predetermined frequency 
(-335 Hz corresponding to the center frequency of the 
frequency band for the secondary channel as indicated 
in Fig. 2) to transform the frequency division multiplexed 
passband signal to a second base band signal. Then, 

55 the output of the demodulator 20b is supplied to the 
band separation filter 22b to eliminate frequency com- 
ponents other than the frequency components within the 
frequency band for the secondary channel, and thus a 
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second base band signal is obtained as an output of the 
band separation filter 22b. The amplitude of the output 
of the band separation filter 22b is controlled by the au- 
tomatic gain control unit 23b, and the output of the au- 
tomatic gain control unit 23b is equalized by the auto- 
matic equalizer unit 24b. The output of the automatic 
equalizer unit 24b is supplied to the code transformation 
unit 26b in the microprocessor unit 51 indicated in Fig. 
9. The timing information in the received signal in the 
secondary channel is extracted from the output of the 
demodulator unit 20b by the timing regeneration unit 
21 b, and the carrier detection is carried out by the carrier 
detection unit 25b by monitoring the output of the band 
separation filter unit 22b. 

In Fig. 9, reference numerals 26a and 26b each de- 
note a code transformation unit, 27a and 27b each de- 
note a descrambler unit, 34 denotes a start & stop bit 
inserting unit, 35 denotes a data storage unit, and 36 
denotes a start & stop bit removing unit. 

The output of the automatic equalizer unit 24a rep- 
resents a data signal point in the vector signal space for 
each symbol corresponding to the predetermined 
number of successive bits carried by the main signal. 
The code transformation unit 26a receives the output of 
the automatic equalizer unit 24a, and transforms each 
data signal point to the corresponding predetermined 
number of successive bits to obtain a scrambled bit se- 
ries. The scrambled bit series is descrambled by the de- 
scrambler unit 27a to regenerate a descrambled bit se- 
ries transmitted through the main channel. 

Parallel to the above operation in the main channel, 
the output of the automatic equalizer unit 24b represents 
a data signal point in the vector signal space for each 
symbol corresponding to the predetermined number of 
successive bits carried by the secondary signal. The 
code transformation unit 26b receives the output of the 
automatic equalizer unit 24b, and transforms each data 
signal point to the corresponding predetermined 
number of successive bits to obtain a scrambled bit se- 
ries. The scrambled bit series is descrambled by the de- 
scrambler unit 27b to regenerate a descrambled bit se- 
ries transmitted through the secondary channel. Due to 
the provision of the start 8 stop bit inserting unit 33 in 
the microprocessor unit 41 in Fig. 7, the descrambled 
bit series in the secondary channel contains the start bit 
and the stop bit before and after each character data as 
indicated in Fig. 11. The start & stop bit removing unit 
36 receives the descrambled bit series output from the 
descrambler unit 27b, and removes the start bit and the 
stop bit before and after each character data. Each char- 
acter data is temporarily stored in the data storage unit 
35 as indicated in Fig. 12. As explained above, the op- 
erations from the receipt of the secondary signal to the 
temporary storage in the data storage 35 are carried out 
with a low rate corresponding to the low transmission 
rate in the secondary channel. Then, each character da- 
ta stored in the data storage unit 35 is read out in the 
order each character data is stored therein, and a start 



bit and a stop bit are inserted before and after each char- 
acter data, respectively, to generate and transmit to the 
microprocessor unit 70 a bit series in the start & stop 
system at the high transmission rate. 
s Besides the above processing operations of the re- 
ceived signals, when requested by the microprocessor 
unit 70, the microprocessor unit 51 reads the information 
on the conditions of the modem from the common mem- 
ory 54, and transmits the same to the microprocessor 
unit 70. In the transmission of the information, a start bit 
and a stop bit are inserted before and after each char- 
acter data of the information by using the start & stop bit 
inserting unit 33. 

As explained above, a pair of software units per- 
forming similar operations are provided for the respec- 
tive operations such as the demodulation, the band sep- 
aration filtering, the automatic gain control, the automat- 
ic equalization, the code transformation, and the de- 
scrambling operation. Therefore, software and hard- 
ware in the microprocessor unit 51 and the digital signal 
processor 52 can be made common, and thus the total 
size of and cost for the software and hardware can be 
reduced. 



Claims 

1 . A modulator comprising: 

a first modulating means (1, 14a) for receiving 
a first digital signal, and modulating the first dig- 
ital signal to generate a first modulated signal, 
where frequency components contained in the 
first modulated signal are within a first frequen- 
cy band; 

a second modulating means (6, 1 4b) for receiv- 
ing another digital signal, and modulating it to 
generate a second modulated signal, where 
frequency components contained in the second 
modulated signal are within a second frequen- 
cy band which is separated from the first fre- 
quency band; and 

a signal adding means (4, 15) for receiving the 
first and second modulated signals, and adding 
the first and second modulated signals to gen- 
erate a frequency division multiplexed signal; 
characterised by 

a transforming means (3, 31) for receiving a 
second digital signal containing at least one set 
of a predetermined number of successive bits 
corresponding to a character data, a start bit 
preceding each set of the predetermined 
number of successive bits, and a stop bit fol- 
lowing each set of the predetermined number 
of successive bits, and removing the start bit 
and the stop bit from the second digital signal 
to generate a third digital signal containing the 
character data as said another digital signal re- 
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ceived by said second modulating means (6, 
14b). 

2. A modulator according to claim 1 , further compris- 
ing a digital signal generating means (7) for gener- 
ating the second digital signal to supply the second 
digital signal to the transforming means (3, 31 ). 

3. A modulator according to claim 1 or claim 2 wherein 
the first and second modulating means perform the 
same type of modulation, and the first and second 
modulating means comprises at least one digital 
signal processor. 

4. A modulator according to claim 3, wherein the first 
and second modulating means performs one of 
phase shift keying (PSK) and quadrature amplitude 
modulation (QAM). 

5. A modulator according to claim 1 or 2, wherein at 
least one portion of the operation performed by the 
second modulating means is similar to at least one 
portion of the operation performed by the first mod- 
ulating means, and the first and second modulating 
means comprises at least one digital signal proces- 
sor. 

6. A modulator according to claim 5, wherein the first 
modulating means performs quadrature amplitude 
modulation (QAM), and the second modulating 
means performs phase shift keying (PSK). 

7. A modulator according to any one of the preceding 
claims, comprising a data storage means (32), pro- 
vided between the transforming means (3, 31) and 
the second modulating means (6, 14b), for tempo- 
rarily storing the character data contained in the 
third digital signal, and supplying the character data 
stored in the data storage means (32) to the second 
modulating means (6, 14b). 

8. A modulator according to claim 7 comprising a start 
& stop bit inserting means (33), provided between 
the data storage means (32) and the second mod- 
ulating means (6, 1 4b), for receiving each character 
data from the data storage means (32), inserting a 
start bit before each character data supplied from 
the data storage means (32), and a stop bit after 
each character data, and supplying the character 
data with the start and stop bits to the second mod- 
ulating means (6, 14b). 

9. A demodulator comprising: 

a first demodulating means (1 , 20a, 22a) for re- 
ceiving a frequency division multiplexed signal 
and for regenerating a first digital signal, where- 
in first and second modulated signals are fre- 



quency division multiplexed in the frequency di- 
vision multiplexed signal and wherein frequen- 
cy components contained in the first modulated 
signal are within a first frequency band and f re- 

5 quency components contained in the second 

modulated signal are within a second frequen- 
cy band which is separated from the first fre- 
quency band, the first modulated signal being 
equivalent to a signal generated by modulating 

10 the first digital signal, and the second modulat- 

ed-signal being equivalent to a signal generat- 
ed by modulating a second digital signal; and 
a second demodulating means (6, 20b, 22b) for 
receiving the frequency division multiplexed 

is signal and regenerating the second digital sig- 

nal containing at least one set of a predeter- 
mined number of successive bits correspond- 
ing to a character data; characterised by: 
a transforming means (3, 34) for receiving the 

20 second digital signal and inserting a start bit be- 

fore each set of the predetermined number of 
successive bits and a stop bit after each set of 
the predetermined number of successive bits 
to generate a third digital signal in a start-stop 

2s system. 

10. A demodulator according to claim 9, wherein said 
first demodulating means (1, 20a, 22a) comprises: 

30 a first frequency shifting means (20a) for re- 

ceiving the frequency division multiplexed sig- 
nal and shifting frequencies of the frequency di- 
vision multiplexed signal by a first predeter- 
mined frequency to transform the frequency di- 

35 vision multiplexed signal to a fourth digital sig- 

nal, where the first predetermined frequency 
corresponds to a center frequency of the first 
frequency band; and 

a first band separation filter means (22a) for re- 
40 ceiving the fourth digital signal, and extracting 

the first digital signal; and wherein 
the second demodulating means (6, 20b, 22b) 
comprises: 

45 a second frequency shifting means (20a) 

for receiving the frequency division multi- 
plexed signal, and shifting the frequencies 
of the frequency division multiplexed signal 
by a second predetermined frequency to 

so transform the frequency division multi- 

plexed signal to a fifth digital signal, where 
the second predetermined frequency cor- 
responds to a center frequency of the sec- 
ond frequency band; and 

ss a second band separation filter means 

(22b) for receiving the fifth digital signal, 
and extracting the second digital signal. 
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1 1 . A demodulator according to claim 9 or 1 0, compris- 
ing an information decoding means (7) for receiving 
a digital signal in the start-stop system and decod- 
ing information carried by the digital signal. 

12. A demodulator according to claim 9, 10 or 11 where- 
in the first and second modulated signals are mod- 
ulated by the same type of modulation, and the first 
and second demodulating means comprises at 
least one digital signal processor. 

13. A demodulator according to claim 12, wherein the 
first and second modulated signals are modulated 
by one of phase shift keying (PSK) and quadrature 
amplitude modulation (QAM). 

14. A demodulator according to claim 9, 10 or 11 where- 
in at least one portion of the operation performed 
by the second demodulating means is similar to at 
least one portion of the operation perfcrmed by the 
first demodulating means, and the first and second 
demodulating means comprises at least one digital 
signal processor. 

15. A demodulator according to claim 14, wherein the 
demodulating operation performed by the first de- 
modulating means is in accordance with quadrature 
amplitude modulation (QAM), and the demodulat- 
ing operation performed by the second demodulat- 
ing means is in accordance with phase shift keying 
(PSK). 

16. A demodulator according to any one of claims 9 to 
15 comprising a data storage means (35), provided 
between the second demodulating means (6, 20b, 
22b) and the transforming means (3, 34), for tem- 
porarily storing the character data contained in the 
second digital signal, and supplying the character 
data stored in the data storage means (35) to the 
transforming means (3, 34). 

17. A demodulator according to claim 16, wherein the 
second digital signal further contains a start bit pre- 
ceding each character data, and a stop bit following 
each character data, and 

said demodulator comprises a start and stop 
bit removing means (36), provided between the 
second demodulating means (6, 20b, 22b) and the 
data storage means (35), for receiving the fourth 
digital signal from the second demodulating means 
(6, 20b, 22b), removing a start bit preceding each 
character data, and a stop bit following each char- 
acter data, and supplying the character data without 
the start and stop bits to the data storage means 
(35). 

1 8. A modem comprising a modulator according to any 
one of claims 1 to 6 and a demodulator according 



to any one of claims 9 to 1 7. 



Patentanspruche 

5 

1. Modulator, mit: 

einer ersten Moduliereinrichtung (1, 14a) zum 
Empfangen eines ersten digitalen Signals und 

10 zum Modulieren des ersten Signals, um ein er- 

stes moduliertes Signal zu erzeugen, wobei die 
Frequenzkomponenten, die in dem ersten mo- 
dulierten Signal enthaften sind, innerhalb eines 
ersten Frequenzbandes liegen; 

is einer zweiten Moduliereinrichtung (6, 1 4b) zum 

Empfangen eines anderen digitalen Signals 
und zum Modulieren desselben, um ein zweites 
moduliertes Signal zu erzeugen, wobei die Fre- 
quenzkomponenten, die in dem zweiten modu- 
le lierten Signal enthalten sind, innerhalb eines 
zweiten Frequenzbandes liegen, welches von 
dem ersten Frequenzband getrennt ist; und 
einer Signaladdiereinrichtung (4, 1 5) zum Emp- 
fangen des ersten und des zweiten modulierten 

25 Signals und zum Addieren des ersten und des 

zweiten modulierten Signals, um ein durch Fre- 
quenzteilung gemultiplextes Signal zu erzeu- 
gen; gekennzolchnet durch 
eine Transformiereinrichtung (3, 31 ) zum Emp- 

30 fangen eines zweiten digitalen Signals, wel- 

ches wenigstens einen Satz einer vorbestimm- 
ten Anzahl von aufeinanderfolgenden Bits ent- 
halt, die Zeichendaten entsprechen, wobei ein 
Startbit jedem Satz der vorbestimmten Zahl 

35 von aufeinanderfolgenden Bits vorangeht und 

wobei ein Stoppbit jedem Satz der vorbestimm- 
ten Anzahl von aufeinanderfolgenden Bits 
nachfolgt, und um das Startbit und das Stoppbit 
aus dem zweiten digitalen Signal zu entfemen, 

40 um ein drittes digitales Signal zu erzeugen, wel- 

ches die Zeichendaten enthalt, und zwar als 
anderes digitales Signal, welches von der zwei- 
ten Moduliereinrichtung (6, 14b) empfangen 
wird. 

45 

2. Modulator nach Anspruch 1 , femer mit einer Digi- 
talsignalgeneratoreinrichtung (7) zum Erzeugen ei- 
nes zweiten digitalen Signals, um das zweite digi- 
tale Signal der Transformiereinrichtung (3, 31) zu- 

50 zufuhren. 

3. Modulator nach Anspruch 1 oder Anspruch 2, bei 
dem die erste und die zweite Modulationseinrich- 
tung den gleichen Modulationstyp ausfOhren und 

55 bei dem die erste und die zweite Modulationsein- 
richtung wenigstens einen Digitalsignalprozessor 
aufweisen. 
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4. Modulator nach Anspruch 3, bei dem die erste und 
die zweite ModuLationseinrichtung eine der folgen- 
den Operationen ausfuhren: eine Phasenverschie- 
bungsverschlusselung (PSK) und eine Quadratam- 
plitudenmodulation (QAM). 5 

5. Modulator nach Anspruch 1 oder 2, bei dem wenig- 
stens ein Abschnitt der Operation, die durch die 
zweite Modulationseinrichtung ausgefuhrt wird, 
ahnlich ist wenigstens einem Abschnitt der Opera- 10 
tion, die durch die erste Modulationseinrichtung 
durchgefuhrt wird und bei dem die erste und die 
zweite Modulationseinrichtung wenigstens einen 
Digitalsignalprozessor enthalten. 

15 

6. Modulator nach Anspruch 5, bei dem die erste Mo- 
dulationseinrichtung eine Quadratamplitudenmo- 
dulation (QAM) durchfuhrt und bei dem die zweite 
Modulationseinrichtung eine Phasenverschie- 
bungsverschlusselung (PSK) durchfuhrt. 20 

7. Modulator nach irgendeinem der vorhergehenden 
Anspruche, mit einer Datenspeichereinrichtung 
(32), die zwischen der Transformiereinrichtung (3, 

31) und der zweiten Modulationseinrichtung (6, 25 
14b) vorgesehen ist, urn zeitweilig die Zeichenda- 
ten zu speichern, die in dem dritten digitalen Signal 
enthalten sind, und urn die Zeichendaten, die in der 
Datenspeichereinrichtung (32) gespeichert sind, 
der zweiten Modulationseinrichtung (6, 14b) zuzu- 30 
fuhren. 

8. Modulator nach Anspruch 7, mit einer ein Start- und 
ein Stoppbit einfugenden Einrichtung (33), die zwi- 
schen der Datenspeichereinrichtung (32) und der 35 
zweiten Modulationseinrichtung (6, 14b) vorgese- 
hen ist, urn jedes Zeichendatum von der Datenspei- 
chereinrichtung (32) zu empfangen und urn ein 
Startbit vor jedes Zeichendatum, welches von der 
Datenspeichereinrichtung (32) zugefuhrt wird, und *o 
ein Stoppbit nach jedem Zeichendatum einzufugen 
und um die Zeichendaten mit dem Start- und Stopp- 
bit an die zweite Modulationseinrichtung (6, 14b) 
zuzufuhren. 

4$ 

9. Demodulator, mit: 



modulierten Signal enthalten sind, innerhalb ei- 
nes zweiten Frequenzbandes liegen, welches 
von dem ersten Frequenzband getrennt ist, wo- 
bei das erste moduli erte Signal Equivalent ei- 
nem Signal ist, welches durch die Modulation 
des ersten digitalen Signals erzeugt wurde, und 
wobei das zweite modulierte Signal Equivalent 
einem Signal ist, welches durch Modulieren ei- 
nes zweiten digitalen Signals erzeugt wurde; 
und 

einer zweiten Demodulationseinrichtung (6, 
20b, 22b) zum Empfangen des durch Fre- 
quenzteilung gemultiplexten Signals und zum 
Erzeugen des zweiten digitalen Signals, wel- 
ches wenigstens einen Satz einer vorbestimm- 
ten Anzahl von aufeinanderfolgenden Bits ent- 
halt, die Zeichendaten entsprechen; gekenn- 
zelchnet durch: 

eine Transformiereinrichtung (3, 34) zum Emp- 
fangen des zweiten digitalen Signals und zum 
Einfugen eines Startbits vor jedem Satz der 
vorbestimmten Anzahl von aufeinanderfolgen- 
den Bits, und Einfugen eines Stoppbits nach je- 
dem Satz der vorbestimmten Anzahl von auf- 
einanderfolgenden Bits, um ein drittes digital es 
Signal in einem Start-Stopp-System zu erzeu- 
gen. 

10. Demodulator nach Anspruch 9, bei dem die erste 
Demodulationseinrichtung (1, 20a, 22a) folgendes 
aufweist: 

eine erste Frequenzschiebeeinrichtung (20a) 
zum Empfangen des durch Frequenzteilung 
gemultiplexten Signals und zum Verschieben 
der Frequenzen des durch Frequenzteilung ge- 
multiplexten Signals um eine erste vorbe- 
stimmte Frequenz um das durch Frequenztei- 
lung gemultiplexte Signal in ein viertes digitales 
Signal zu transformieren, wobei die erste vor- 
bestimmte Frequenz einer Mittenfrequenz des 
ersten Frequenzbandes entspricht; und 
eine erste Bandtrennfiltereinrichtung (22a) zum 
Empfangen des vierten digitalen Signals und 
zum Extrahieren des ersten digitalen Signals; 
und bei dem 

die zweite Demodulationseinrichtung (6, 20b, 
22b) folgendes enthalt: 

eine zweite Frequenzschiebeeinrichtung (20a) 
zum Empfangen des durch Frequenzteilung 
gemultiplexten Signals und zum Verschieben 
der Frequenzen des durch Frequenzteilung ge- 
multiplexten Signals um eine zweite vorbe- 
stimmte Frequenz, um das durch Frequenztei- 
lung gemultiplexte Signal in ein funftes digitales 
Signals zu transformieren, wobei die zweite 
vorbestimmte Frequenz einer Mittenfrequenz 
des zweiten Frequenzbandes entspricht; und 



einer ersten Demodulationseinrichtung (1 , 20a, 
22a) zum Empfangen eines durch Frequenztei- 
lung gemultiplexten Signals und zum Regene- so 
rieren eines ersten digitalen Signals, wobei das 
erste und das zweite modulierte Signal durch 
Frequenzteilung in dem durch Frequenzteilung 
gemultiplexten Signal gemultiplext sind und 
wobei die Frequenzkomponenten, die in dem ss 
ersten modulierten Signal enthalten sind, inner- 
halb eines ersten Frequenzbandes liegen und 
die Frequenzkomponenten, die in dem zweiten 
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eine zweite Bandtrennfiltereinrichtung (22b) 
zum Empfangen des funften digitalen Signals 
und zum Extrahieren des zweiten digitalen Si- 
gnals. 

5 

11. Demodulator nach Anspruch 9 Oder 10, mit einer 
Informationsdecodiereinrichtung (7) zum Empfan- 
gen eines digitalen Signals in dem Start-Stopp-Sy- 
stem und zum Decodteren der Informationen, die 
durch das digitate Signal mitgef Ohrt werden. 10 

1 2. Demodulator nach Anspruch 9, 1 0 Oder 1 1 , bei dem 
das erste und das zweite modulierte Signal durch 
den gleichen Modulationstyp moduliert werden und 

bei dem die erste und die zweite Demodulations- 1$ 
einrichtung wenigstens einen Digitalsignalprozes- 
sor aufweisen. 

13. Demodulator nach Anspruch 12, bei dem das erste 
und das zweite modulierte Signal durch eine der 20 
Modulationsoperationen, wie Phasenverschie- 
bungsverschlOsselung (PSK) und Quadratamplitu- 
denmodulation (QAM), moduliert werden. 

1 4. Demodulator nach Anspruch 9, 1 0 Oder 11 , bei dem 25 
wenigstens ein Abschnitt der Operation, die durch 

die zweite Demodulationseinrichtung durchgefOhrt 
wird, ahnlich zu wenigstens einem Abschnitt der 
Operation ist, die durch die erste Demodulations- 
einrichtung durchgefOhrt wird, und bei dem die er- 30 
ste und die zweite Demodulationseinrichtung we- 
nigstens einen Digitalsignalprozessor aufweisen. 

15. Demodulator nach Anspruch 14, bei dem die De- 
modulationsoperation, die durch die erste Demodu- 35 
lationseinrichtung durchfuhrt wird, in Einklang mit 
der Quadratamplitudenmodulation (QAM) ausge- 

f uhrt wird und bei dem die Demodu lationsope ratio- 
ned die durch die zweite Demodulationseinrich- 
tung ausgefuhrt wird, in Einklang mit der Phasen- 40 
verschiebungsverschlOsselung (PSK) durchgefOhrt 
wird. 

16. Demodulator nach irgendeinem der AnsprOche 9 
bis 1 5, mit einer Datenspeichereinrichtung (35), die 
zwischen der zweiten Demodulationseinrichtung 
(6, 20b, 22b) und der Transformiereinrichtung (3, 
34) vorgesehen ist, urn zeitweilig die Zeichendaten 
zu speichern, die in dem zweiten digitalen Signal 
enthalten sind, und urn die Zeichendaten, die in der 50 
Datenspeichereinrichtung (35) gespeichert sind, 
der Transformiereinrichtung (3, 34) zuzufuhren. 

17. Demodulator nach Anspruch 16, bei dem das zwei- 
te digitale Signal ferner ein Startbit enthalt, welches ss 
jeden Zeichendaten vorangeht und ein Stoppbit 
enthalt, welches jeden Zeichendaten nachfolgt, und 

der Demodulator eine Start- und Stoppbit- 



Entfernungseinrichtung (36) enthalt, die zwischen 
der zweiten Demodulationseinrichtung (6, 20b, 
22b) und der Datenspeichereinrichtung (35) vorge- 
sehen ist, urn das vierte digitale Signal von der 
zweiten Demodulationseinrichtung (6, 20b, 22b) zu 
empfangen, ein Startbit zu entfernen, welches je- 
den Zeichendaten vorangeht und ein Stoppbit zu 
entfernen, welches jeden Zeichendaten nachfolgt 
und urn die Zeichendaten ohne die Start- und 
Stoppbits der Datenspeichereinrichtung (35) zuzu- 
fuhren. 

18. Modem mit einem Modulator nach irgendeinem der 
AnsprOche 1 bis 8 und mit einem Demodulator nach 
irgendeinem der AnsprOche 9 bis 1 7. 



Revendlcations 

1. Modulateur comprenant : 

un premier moyen de modulation (1 , 1 4a) pour 
recevoir un premier signal numerique et pour 
moduler le premier signal numerique afin de 
g6n6rer un premier signal moduli, ou descom- 
posantes de frequence contenues dans le pre- 
mier signal module sont dans une premiere 
bande de frequences ; 

un second moyen de modulation (6, 14b) pour 
recevoir un autre signal numerique et pour le 
moduler afin de generer un second signal mo- 
duli, ou des composantes de frequence con- 
tenues dans le second signal module sont dans 
une seconde bande de frequences qui est se- 
paree de la premiere bande de frequences ; et 
un moyen d'addition de signal (4, 15) pour re- 
cevoir les premier et second signaux modules 
et pour additionner les premier et second si- 
gnaux modules afin de generer un signal mul- 
tiplexe par division en frequence, 

caracterise par : 

un moyen de transformation (3, 31) pour re- 
cevoir un second signal numerique contenant au 
moins un jeu d'un nombre predetermine de bits suc- 
cessifs correspondant a des donnees de caractere, 
un bit de depart prec6dant chaque jeu du nombre 
predetermine de bits successifs et un bit d'arret sui- 
vant chaque jeu du nombre predetermine de bits 
successifs, et pour enlever le bit de depart et le bit 
d'arrdt du second signal numerique afin de generer 
un troisieme signal numerique contenant les don- 
nees de caractere en tant que drt autre signal nu- 
merique recu par ledit second moyen de modulation 
(6, 14b). 

Modulateur selon la revendication 1, comprenant 
en outre un moyen de generation de signal nume- 
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rique (7) pour g6n6rer le second signal numerique 
afin d'appliquer le second signal numerique sur le 
moyen de transformation (3, 31). 

3. Modulateur selon la revendication 1 ou 2, dans le- 
quel les premier et second moyens de modulation 
r6alisent le mdme type de modulation et les premier 
et second moyens de modulation comprennent au 
moins un processeur de signal numerique. 

4. Modulateur selon la revendication 3, dans lequel les 
premier et second moyens de modulation realisent 
une modulation par decalage de phase (PSK) ou 
une modulation d'amplitude en quadrature (QAM). 

5. Modulateur selon la revendication 1 ou 2, dans le- 
quel au moins une partie de I'operation realised par 
le second moyen de modulation est simtlaire a au 
moins une partie de I'operation r6alis§e par le pre- 
mier moyen de modulation, et les premier et second 
moyens de modulation comprennent au moins un 
processeur de signal num6rique. 

6. Modulateur selon la revendication 5, dans lequel le 
premier moyen de modulation realise une modula- 
tion d'amplitude en quadrature (QAM) et le second 
moyen de modulation realise une modulation par 
decalage de phase (PSK). 

7. Modulateur selon Tune quelconque des revendica- 
tions pr6c6dentes, comprenant un moyen de stoc- 
kage de donnees (32), prevu entre le moyen de 
transformation (3, 31) et le second moyen de mo- 
dulation (6, 14b), pour stocker temporairement les 
donn6es de caractere contenues dans le troisieme 
signal numerique et pour appliquer les donnees de 
caractere stockees dans le moyen de stockage de 
donn6es (32) sur le second moyen de modulation 
(6, 14b). 

8. Modulateur selon la revendication 7, comprenant 
un moyen d'insertion de bits de depart et d'arret 
(33), pr6vu entre le moyen de stockage de donnees 
(32) et le second moyen de modulation (6, 14b), 
pour recevoir chaque donnee de caractere depuis 
le moyen de stockage de donnees (32), pour insu- 
rer un bit de depart avant chaque donn6e de carac- 
tere appliquee depuis le moyen de stockage de 
donnees (32) et un bit d'arret apres chaque donnee 
de caractere et pour appliquer les donnees de ca- 
ractere avec les bits de depart et d'arret sur le se- 
cond moyen de modulation (6, 14b). 

9. De modulateur comprenant : 

un premier moyen de demodulation (1, 20a, 
22a) pour recevoir un signal multiplex^ par di- 
vision en frequence et pour regenerer un pre- 



mier signal numerique, dans lequel des premier 
et second signaux modules sont multiplexes 
par division en frequence dans le signal mutti- 
plexe par division en frequence et dans lequel 

5 des composantes de frequence contenues 

dans le premier signal module sont dans une 
premiere bande de frequences et des compo- 
santes de frequence contenues dans le second 
signal module sont dans une seconds bande 

10 de frequences qui est separee de la premiere 

bande de frequences, le premier signal module 
etant equivalent a un signal gen6re en modu- 
lant le premier signal numerique et le second 
signal module etant equivalent a un signal ge- 

is nere en modulant un second signal 

numerique ; et 

un second moyen de demodulation (6, 20b, 
22b) pour recevoir le signal multiplex^ par divi- 
sion en frequence et pour regenerer le second 
20 signal numerique contenant au moins un jeu 

d'un nombre predetermine de bits successifs 
correspondant a des donnees de caractere, 

caracterise par : 

un moyen de transformation (3, 34) pour re- 
cevoir le second signal numerique et pour inserer 
un bit de depart avant chaque jeu du nombre pre- 
determine de bits successifs et un bit d'arret apres 
chaque jeu du nombre predetermine de bits suc- 
cessifs afin de generer un troisieme signal numeri- 
que dans un systeme a depart-arrfit. 

10. Demodulateur selon la revendication 9, dans lequel 
(edit premier moyen de demodulation (1 , 20a, 22a) 
3S comprend : 

un premier moyen de decalage en frequence 
(20a) pour recevoir le signal multiplex^ par di- 
vision en frequence et pour ddcaler des fr6- 
40 quences du signal multiplex^ par division en 

frequence d'une premiere frequence predeter- 
mined afin de transformer le signal multiplex^ 
par division en frequence selon un quatrieme 
signal numerique, ou la premiere frequence 
45 predetermines correspond a une frequence 

centrale de la premiere bande de frequences ; 
et 

un premier moyen de filtre de separation de 
bande (22a) pour recevoir le quatrieme signal 
so numerique et pour extraire le premier signal 

numerique ; et 

dans lequel : 

55 le second moyen de demodulation (6, 20b, 22b) 

comprend : 

un second moyen de decalage en frequence 
(20a) pour recevoir le signal multiplexe par dt- 
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vision en frequence et pour decaler les frequen- 
ces du signal multiplexe par division en fre- 
quence d'une seconde frequence pred6termi- 
nee afin de transformer le signal multiplexe par 
division en frequence selon un cinquieme si- 
gnal numerique, ou la seconde frequence pre- 
d6terminee correspond a une frequence cen- 
trale de la seconde bande de frequences ; et 
un second moyen de filtre de separation de 
bande (22b) pour recevoir le cinquieme signal 
numerique et pourextraire le second signal nu- 
mdrique. 

11. Demodulateur selon la revendication 9 ou 10, com- 
prenant un moyen de decodage d'information (7) 
pour recevoir un signal nume>ique dans le system e 
a depart-arret et pour decoder une information 
transportee par le signal numerique. 

12. Demodulateur selon la revendication 9, 10 ou 11, 
dans lequel les premier et second signaux modules 
sont modules au moyen du meme type de modula- 
tion et les premier et second moyens de demodu- 
lation comprennent au moins un processeur de si- 
gnal numerique. 

13. Demodulateur selon la revendication 12, dans le- 
quel les premier et second signaux modules sont 
modules au moyen d'une modulation par decalage 
de phase (PSK) ou d'une modulation d'amplitude 
en quadrature (QAM). 

14. Demodulateur selon la revendication 9, 10 ou 11, 
dans lequel au moins une partie de ('operation rea- 
lisee par le second moyen de demodulation est si- 
milaire a au moins une partie de Pope ration realisee 
par le premier moyen de demodulation, et les pre- 
mier et second moyens de demodulation compren- 
nent au moins un processeur de signal numerique. 

15. Demodulateur selon la revendication 14, dans le- 
quel I'operation de demodulation realisee par le pre- 
mier moyen de demodulation est confonme a une 
modulation d'amplitude en quadrature (QAM) et 
I'operation de demodulation realisee par le second 
moyen de demodulation est conforme a une modu- 
lation par decalage de phase (PSK). 

16. Demodulateur selon Tune quelconque des revendi- 
cations 9 a 15, comprenant un moyen de stockage 
de donnees (35), prevu entre le second moyen de 
demodulation (6, 20b, 22b) et le moyen de transfor- 
mation (3, 34), pour stocker temporairement les 
donnees de caractere contenues dans le second si- 
gnal numerique et pour appliquer les donnees de 
caractere stockees dans le moyen de stockage de 
donnees (35) sur le moyen de transformation (3, 
34). 



17. Demodulateur selon la revendication 16, dans le- 
quel le second signal numerique contient en outre 
un bit de depart qui precede chaque donnee de ca- 
ractere et un bit d'arret qui suit chaque donnee de 

s caractere; et 

ledit demodulateur comprend un moyen d'en- 
levement de bits de depart et d'arret (36), prevu en- 
tre le second moyen de demodulation (6, 20b, 22b) 
et le moyen de stockage de donnees (35), pour re- 
10 cevoir le quatrieme signal numerique depuis le se- 
cond moyen de demodulation (6, 20b, 22b), pour 
en lever un bit de depart qui precede chaque don- 
nee de caractere et un bit d'arret qui suit chaque 
donnee de caractere et pour appliquer les donnees 
is de caractere sans les bits de depart et d'arret sur le 
moyen de stockage de donnees (35). 

18. Modem comprenant un modulateur selon I'une 
quelconque des revendications 1 a 8 et un demo- 

20 dulateur selon I'une quelconque des revendications 
9 a 17. 
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Fig. 2 
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Fig. 4 
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